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==========================

Surgery and anesthesia may cause considerable stress for both parents and children. The anticipation of pain, separation from family, and fear of surgery are few of the factors that trigger perioperative anxiety in children.\[[@ref1]\] Premedication causes sedation and reduction of anxiety during separation from parents. It also provides a calm and cooperative child for smooth induction of anesthesia.

Midazolam, a benzodiazepine, has been routinely used orally for premedication in children scheduled for surgery.\[[@ref2]\] It has a rapid onset and short duration of action. It is reliable in achieving sedation and anxiolysis.\[[@ref3][@ref4]\] However, search for a better alternative continues due to concerns such as bitter taste, cognitive impairment, long-term behavioral disturbances, paradoxical reactions, hiccups, and respiratory depression.\[[@ref5][@ref6]\]

Clonidine, a centrally acting alpha-2 agonist, has been shown to reliably produce preoperative sedation and anxiolysis in children.\[[@ref7]\] It has excellent bioavailability after oral administration although the onset of action is slow.\[[@ref8][@ref9]\]

Dexmedetomidine is a newer, centrally acting alpha-2 agonist with a more selective action on alpha-2 adrenoceptors and a shorter half-life as compared to clonidine. It has been shown to produce effective sedation, anxiolysis, and analgesia in children without respiratory depression.\[[@ref10]\]

This study was undertaken to compare the efficacy of oral dexmedetomidine, clonidine, and midazolam for premedication in children undergoing ophthalmic surgery. We compared their effects on preoperative sedation, anxiolysis, separation from parents, mask acceptance, and preoperative hemodynamic parameters.

M[ATERIALS AND]{.smallcaps} M[ETHODS]{.smallcaps} {#sec1-2}
=================================================

After due clearance from the Institutional Ethics Committee and after obtaining written informed consent from a parent or a legal guardian, this prospective, randomized, double-blind study was conducted in ninety children in the age group of 4--12 years, of either sex and the American Society of Anesthesiologists (ASA) Physical status 1, posted for ophthalmic surgery.

Patients with known allergy to dexmedetomidine, clonidine or midazolam, developmental delay or mental retardation, history of any sedative or analgesic intake, ASA physical status ≥2, those with upper respiratory tract infection and intraocular pressure \>20 mmHg were excluded from the study.

Patients were randomly allocated by computer-generated random numbers to one of the three groups of thirty each: Group M: Oral midazolam 0.5 mg/kg body weight, Group D: Oral dexmedetomidine 4 µg/kg body weight, and Group C: Oral clonidine 4 µg/kg body weight. An intravenous preparation of a drug (midazolam 5 mg/ml solution, dexmedetomidine 100 µg/ml solution and clonidine 150 µg/ml solution) was mixed with apple juice, diluted to total volume of 0.2 ml/kg body weight, and given orally.

Before administration of the premedication, the children were brought to the preoperative room along with their parents. Hemodynamic parameters such as heart rate (HR), systolic blood pressure (SBP), diastolic blood pressure (DBP), mean arterial pressure (MAP), oxygen saturation (SpO~2~), and degree of sedation and anxiety were monitored and recorded at baseline, and every 15 min after premedication until the patient was shifted to the operation theater.

Response of the child to acceptance of premedication was assessed on a three-point scale:

1 = Accepts it/likes the taste2 = Accepts it/but dislikes the taste3 = Spits/vomits the premedication.

Score of 1 or 2 was considered as satisfactory acceptance of oral premedication.

Degree of sedation was assessed on a three-point scale:

1 = Awake2 = Drowsy3 = Asleep.

Score of 2 or 3 was considered as acceptable sedation.

Anxiety was assessed on a five-point scale:

1 = Quiet and comfortable2 = Uneasy3 = Worried or anxious4 = Very worried or very upset5 = Frightened or terrified.

Score of 1 or 2 was considered as acceptable anxiolysis.

The child was separated from the parents and taken to the operating room 60 min after the administration of premedication. Behavior of the child on separation from parents was assessed and graded according to a four-point scale, i.e., the parental separation anxiety scale (PSAS):\[[@ref11]\]

1 = Easy separation2 = Whimpers but is easily reassured3 = Cries and cannot be easily reassured, but not clinging to parents4 = Cries and clinging to parents.

A PSAS score of 1 and 2 were considered as acceptable separation from parents.

In the operating room, electrocardiograph, noninvasive blood pressure (BP), and SpO~2~ monitors were attached. Inhalation induction was performed using halothane (0.5--2.5%) in oxygen and nitrous oxide mixture in 1:2 ratio.

Mask acceptance was observed and scored using a four-point Likert scale, i.e., mask acceptance scale:\[[@ref10]\]

1 = Excellent (unafraid, cooperative, and accepts mask easily)2 = Good (slight fear of mask, easily reassured)3 = Fair (moderate fear of mask, not calmed with reassurance)4 = Poor (terrified, crying, or combative).

The score of 1 and 2 were considered as satisfactory mask acceptance.

An intravenous line was secured and fentanyl 2 µg/kg was given intravenously for analgesia, and muscle relaxation was provided with intravenous vecuronium bromide 0.1 mg/kg. Proseal laryngeal mask airway (LMA) of an appropriate size was inserted 3 min after the administration of the muscle relaxant. Anesthesia was maintained with isoflurane (1--1.5%), oxygen and nitrous oxide in a ratio of 1:2, and supplemental doses of vecuronium bromide. Rectal paracetamol suppository in the dose of 40 mg/kg was inserted after LMA placement for analgesia.

Hemodynamic parameters such as HR, SBP, DBP, MAP, and SPO~2~ were monitored intraoperatively. Inhalational agent was switched off 5 min before the end of surgery. At the end of surgery, effect of muscle relaxant was reversed with neostigmine (0.05 mg/kg) and glycopyrrolate (0.01 mg/kg) given intravenously. After ensuring adequate reversal, LMA was removed. Patients were shifted to the postoperative recovery room for observation and were given oxygen inhalation by venturi mask.

In the postoperative room, patients were monitored for hemodynamic parameters and side effects such as hypotension and bradycardia were noted. Other side effects such as respiratory depression, fall in saturation, shivering, vomiting, and hiccups if any were noted for 2 h postoperatively.

The anesthesiologist who monitored the patient, scored the patient\'s behavior, and collected the data was blind to the study drug administered.

Our primary outcomes were number of patients showing acceptable separation from parents and satisfactory mask acceptance. The secondary outcomes were time of onset of sedation, mean sedation score, and mean anxiety score.

Statistical analysis {#sec2-1}
--------------------

Based on a pilot study, minimum required sample size is 25 patients in each group to detect 35% (from 85% to 50%) difference in satisfactory mask acceptance between midazolam and the other two drugs (clonidine and dexmedetomidine) at the 0.05 level of significance and to provide 80% power to the study. To account for dropouts, it was decided to take thirty patients in each group. All values are reported as mean ± standard deviation or percentage of patients. Data analysis for numerical data was performed by unpaired Student\'s *t*-test. Data analysis for categorical data was performed by Fisher\'s exact test or Chi-square test to detect differences for the scores. Analysis of variance was performed for comparing the differences between the three groups and unpaired *t*-test across two groups. The statistical significance of quantitative variables was calculated by Student\'s *t*-test/nonparametric Wilcoxon Mann--Whitney in case data did not follow a normal distribution. The level of statistical significance was taken as *P* \< 0.05. The data were analyzed using SPSS statistical software (SPSS version 17 (SPSS IL, Chicago, IL, USA)).

R[ESULTS]{.smallcaps} {#sec1-3}
=====================

The three groups were comparable with respect to age, gender, and weight \[[Table 1](#T1){ref-type="table"}\]. All the children in the midazolam, clonidine, and dexmedetomidine groups accepted the oral drug mixed with apple juice. Six (20%) children in midazolam group accepted the premedication but disliked the taste as compared to none in clonidine and dexmedetomidine groups (*P* = 0.0314). Satisfactory acceptance of premedication was present in all the children in the three groups (*P* = 1.000).

###### 

Demographic data

![](AER-11-185-g001)

Baseline sedation score was comparable in all the three groups. Onset of sedation was at 15 min with midazolam and at 30 min with both clonidine and dexmedetomidine. Mean sedation score was significantly higher with midazolam at 30, 45, and 60 min as compared to the other two drugs (*P* \< 0.001) \[[Table 2](#T2){ref-type="table"}\]. At 60 min after premedication, 29 (96.67%) children in clonidine group, 27 (90%) children in dexmedetomidine group, and 30 (100%) children in midazolam group had achieved satisfactory sedation scores of 2 or 3, and there was no significant difference between the groups (*P* = 0.637). However, only 11 (36.6%) children in clonidine group and 7 (23.3%) children in dexmedetomidine group as compared to 26 (86.6%) children in midazolam group were asleep with sedation score of 3. Significantly, more children were asleep in midazolam group as compared to Groups C and D (*P* \< 0.001). There was no significant difference between Groups C and D (*P* = 0.394).

###### 

Sedation score

![](AER-11-185-g002)

The baseline anxiety scores were comparable between the three groups (*P* = 0.483). The mean anxiety score at 60 min was significantly less with midazolam as compared to clonidine and dexmedetomidine groups (*P* = 0.018) \[[Table 3](#T3){ref-type="table"}\]. All 30 (100%) children in each group had achieved satisfactory anxiolysis by 60 min after premedication. In Group M, all the 30 (100%) children were quiet and comfortable as compared to only 22 (73.3%) children each in Groups C and D (*P* = 0.0045).

###### 

Anxiety score

![](AER-11-185-g003)

Acceptable parent separation scores of 1 and 2 were achieved in 100% of the children in Group D, 90% of the children in Group M, and 80% of the children in Group C. The Group D and Group M were comparable as regards behavior at separation from parents (*P* = 0.236). Group M was comparable to Group C (*P* = 0.46), but Group D was significantly better than Group C (*P* = 0.031) for achieving acceptable separation from parents. However, in Group M, significantly, greater number of children had easy separation from parents (score of 1) as compared to Groups C and D (*P* = 0.028 and *P* = 0.012, respectively) \[[Figure 1](#F1){ref-type="fig"}\].

![Parent separation anxiety score. Data are expressed as percentage of patients. PSAS: Parental separation anxiety score, C: Clonidine, D: Dexmedetomidine, M: Midazolam.](AER-11-185-g004){#F1}

All the three groups were comparable as regards satisfactory mask acceptance (*P* = 0.163). A number of children with excellent mask acceptance were more in Group M as compared to Groups C and D, and the difference was statistically significant (*P* = 0.040 and *P* = 0.005, respectively). There was no statistically significant difference between Group C and D (*P* = 0.52) \[[Figure 2](#F2){ref-type="fig"}\].

![Mask acceptance score. Data are expressed as percentage of patients. C: Clonidine, D: Dexmedetomidine, M: Midazolam, MAS: Mask acceptance score.](AER-11-185-g005){#F2}

There was a statistically significant fall in HR and mean arterial BP from baseline at 45 and 60 min after premedication in all the groups (*P* \< 0.001) \[Figures [3](#F3){ref-type="fig"} and [4](#F4){ref-type="fig"}\]. The fall in HR was comparable across all the three groups (*P* \> 0.05). On comparing the MAP between the groups, it was found that Group C and Group D had a lower value at 45 min (*P* \< 0.001) and 60 min after premedication (*P* \< 0.001) as compared to Group M \[[Figure 4](#F4){ref-type="fig"}\].

![Preoperative heart rate at different time intervals. Data are expressed as mean values in beats/min. HR: Heart rate, C: Clonidine, D: Dexmedetomidine, M: Midazolam.](AER-11-185-g006){#F3}

![Preoperative mean arterial pressure at different time intervals. Data are expressed as mean values in mmHg. MAP: Mean arterial pressure, C: Clonidine, D: Dexmedetomidine, M: Midazolam.](AER-11-185-g007){#F4}

There was no significant difference in the incidence of side effects between the three groups. The incidence of vomiting was 3.3%, and that of hiccups was 3% in Group M as compared to none in Groups C and D.

D[ISCUSSION]{.smallcaps} {#sec1-4}
========================

This prospective, double-blind, randomized controlled study demonstrated that oral clonidine 4 µg/kg, dexmedetomidine 4 µg/kg, and midazolam 0.5 mg/kg provided effective sedation, anxiolysis, acceptable separation from parents, and satisfactory mask acceptance in children between 4 and 12 years of age undergoing ophthalmic surgery under general anesthesia. Oral midazolam, however, was significantly better than the other two drugs as greater proportion of children showed easy separation from parents and excellent mask acceptance.

The oral route of administration of the drugs was used as it is the most acceptable and a nontraumatic route, especially in children.\[[@ref12]\] The total volume of the oral premedication was kept at 0.2 ml/kg which is far below the gastric fluid volume of 0.4 ml/kg above which the risk of aspiration increases.\[[@ref13]\]

Bioavailability of oral dexmedetomidine is only 16% due to extensive first-pass metabolism but that by buccal mucosa is 82% and that of intramuscular route is 104%.\[[@ref14]\] However, it is difficult to make children hold liquid in their mouth for few minutes for absorption by buccal mucosa and hence, we used oral route of administration of the drug. In a study in adults, after oral administration of dexmedetomidine 2 μg/kg, the maximum serum concentration of 0.11 ± 0.04 μg/L was achieved in 2.2 ± 0.5 h after a lag time of 0.6 ± 0.3 h.\[[@ref14]\] The plasma concentration of dexmedetomidine that confers sedation in children is 0.4--0.8 μg/L.\[[@ref15]\] This would mean that a dose of 6--8 μg/kg of oral dexmedetomidine would be required to produce effective concentration in children for sedation if this data are extrapolated on children. Zub *et al*. were the first to recommend the dose of 3--4 μg/kg of oral dexmedetomidine for premedication to reduce anxiety in children undergoing surgical procedures.\[[@ref16]\] They suggested that intravenous preparation of dexmedetomidine could be used orally with acceptable palatability.\[[@ref16]\] Mountain *et al*. used oral dexmedetomidine in dose of 4 µg/kg and found it comparable to 0.5 mg/kg midazolam in reducing anxiety in children during mask acceptance and separation from parents without any adverse effects such as hypotension and bradycardia.\[[@ref10]\] Hence, we used oral dexmedetomidine 4 µg/kg in our study.

Bioavailability of oral clonidine mixed with apple fruit drink in children was shown to be 55.4% by Larsson *et al*.\[[@ref9]\] Bioavailability of 2.5 µg/kg rectal clonidine is 95% and produces effective plasma concentration of 0.77 ng/ml.\[[@ref17]\] Larsson *et al*. observed that oral clonidine would be required in a dose of 4--5 µg/kg for premedication if 2.5 µg/kg after rectal administration and 1.25 µg/kg after intravenous administration are effective doses in children.\[[@ref9]\] Mikawa *et al*. found that oral clonidine 4 µg/kg provided a better behavior on separation from parents and mask acceptance than oral clonidine 2 µg/kg.\[[@ref8]\] Almenrader *et al*. found premedication with oral clonidine 4 µg/kg and oral midazolam 0.5 mg/kg effective and comparable in providing satisfact'ory mask acceptance in children.\[[@ref18]\] Based on these studies, we decided to use oral clonidine in dose of 4 µg/kg.

Bioavailability of oral midazolam varies from 15% to 27% in children.\[[@ref19]\] Feld *et al*. as early as in 1990 in their study stated that oral midazolam 0.5--0.75 mg/kg was effective and safe for premedication in pediatric surgical patients.\[[@ref2]\] Later, McMillan *et al*. found that oral midazolam in dose of 0.5 mg/kg was safe and effective for premedication, but a dose of 0.75 mg/kg caused more side effects such as loss of balance, blurred vision, and dysphoric reactions while offering no additional benefit.\[[@ref20]\] We decided to use oral midazolam in dose of 0.5 mg/kg in our study.

It was noted that 20% of children in midazolam group did not like the taste of drug as compared to none in clonidine and dexmedetomidine groups, inspite of mixing the study drug with sweet apple juice to mask its taste before oral administration. Similar to our study, Almenrader *et al*. found that 24% of children in oral midazolam group did not like the taste of the drug as compared to none in oral clonidine group.\[[@ref18]\] However, as none of the children spit out the combination of midazolam and apple juice, it can be inferred that it had a satisfactory acceptance.

In our study, onset of sedation was significantly delayed in clonidine and dexmedetomidine groups (30 min for both) as compared to midazolam group (15 min). Similar results were found by Kamal *et al*. in their study.\[[@ref21]\] They compared oral dexmedetomidine 3 µg/kg with oral midazolam 0.5 mg/kg in 60 children of age group 3--10 years. They found the onset of sedation faster in midazolam group (28.4 ± 13.7 min vs. 39.5 ± 14.3 min) as compared to dexmedetomidine group. Almenrader *et al*. found that oral clonidine was required to be administered 45 min before induction to achieve optimum sedation, whereas satisfactory sedation with midazolam could be achieved in 30 min after ingestion.\[[@ref18]\]

Children given midazolam were more sedated and less anxious as compared to those given clonidine and dexmedetomidine at 15, 30, 45, and 60 min after administering premedication. Although there was no significant difference between the groups in the number of children who were drowsy or asleep, most of the children (86%) given midazolam were asleep at 60 min after premedication.

A previous study has shown that oral clonidine requires 105--120 min to reach peak sedative effect in children.\[[@ref8]\] Oral dexmedetomidine in adults has been shown to take 2.2 ± 0.5 h to reach peak plasma concentration with a lag time of 0.6 ± 0.3 h.\[[@ref14]\] No such study on oral dexmedetomidine in children has been published. Payne *et al*. observed that the peak serum levels of midazolam were achieved at 60 min following oral administration of 0.5 mg/kg in children.\[[@ref19]\] In our study, patients were shifted to operation theater at 60 min after administering premedication and by this time, peak effect of clonidine and dexmedetomidine had not been reached and that of midazolam had been achieved. This may be the reason why midazolam was noted to be a better sedative.

In contrast to our study, Almenrader *et al*. found higher sedation scores in children receiving oral clonidine 4 µg/kg as compared to those in oral midazolam 0.5 mg/kg group. The children in their study were in younger age group of 1--6 years as compared to those in our study who were 4--12 years old. They also provided favorable quiet environment conducive to sleep to the children in their study.\[[@ref18]\] The lack of a quiet and favorable environment for sleep, difference in age, and culture of the children could be few of the reasons why children in clonidine group in our study achieved lower sedation scores as compared to their study.

Acceptable parent separation scores of 1 and 2 were achieved in 100% of children in Group D, 90% of children in Group M, and 80% of children in Group C. A number of children with easy separation (score 1) were significantly more (83.3%) in midazolam group as compared to dexmedetomidine group (66.7%) and clonidine group (50%).

There was no significant difference between the three groups as regards satisfactory mask acceptance (*P* \> 0.05). A number of children with excellent mask acceptance were significantly higher in oral midazolam (66.7%) group than in clonidine (43.3%) and dexmedetomidine (40%) groups. Better behavior of children at separation from parents and better mask acceptance in midazolam group could be because of its more pronounced sedative and anxiolytic effects due to action on gamma-aminobutyric acid receptors. Oral clonidine and oral dexmedetomidine decrease sympathetic outflow and increase parasympathetic outflow from locus coeruleus in central nervous system where they induce electroencephalographic activity similar to natural sleep.\[[@ref22]\] It is due to this that any external stimuli such as taking the patient inside the operation theater and mask application can lead to arousal from sleep in patients administered clonidine and dexmedetomidine.

Fazi *et al*. also found better anxiolysis on separation from parents and at mask induction in children (4--12 years of age) given oral midazolam 0.5 mg/kg than those given oral clonidine 4 µg/kg, even though they separated children from parents at 75 ± 25 min after premedication in clonidine group.\[[@ref23]\]

Mountain *et al*. found no significant difference between children (age group 1--6 years) administered oral midazolam 0.5 mg/kg or oral dexmedetomidine 4 µg/kg as regards acceptable behavior at separation from parents and satisfactory mask acceptance.\[[@ref10]\]

Akin *et al*. also found that a significantly greater proportion of children (82.2%) in nasal midazolam (0.2 mg/kg) group had satisfactory mask acceptance during induction as compared to those (60%) in nasal dexmedetomidine (1 µg/kg) group. Similar to our study, there was no difference between the groups in achieving acceptable separation from parents.\[[@ref24]\]

Yuen *et al*. found nasal dexmedetomidine 1 µg/kg similar to oral midazolam 0.5 mg/kg for providing satisfactory separation from parents and satisfactory mask acceptance at induction. However, in their study, children in the dexmedetomidine group were more sedated.\[[@ref25]\] This may be because they used intranasal route of administration of dexmedetomidine, which reaches peak effect faster and has higher bioavailability as compared to oral dexmedetomedine. In healthy adults, Iirola *et al*. showed that peak plasma concentrations of intranasal dexmedetomidine were reached in 38 (15--60) min and its median (range) bioavailability was 65% (35--93%).\[[@ref26]\] Yuen *et al*. in another study found median (range) time for the onset of sedation to be 25 (25--45) min and duration of action to be 85 (55--100) min in children (2--9 years of age) given intranasal dexmedetomidine.\[[@ref27]\]

A meta-analysis by Sun *et al*. demonstrated that dexmedetomidine premedication is superior to midazolam premedication for producing satisfactory sedation on parent separation and mask acceptance. However, they also suggested that their conclusions should be viewed in the light of heterogeneity caused by differences in various studies as regards the characteristics of the children, age, doses, and routes of the premedicant drugs used, time of separation from parents after premedication, types of surgeries, and scores for evaluation for each outcome.\[[@ref28]\]

Clonidine and dexmedetomidine caused a significantly greater fall than midazolam in MAP at 45 and 60 min after the administration of premedication. The HR began to fall from baseline at 30 min after premedication in all three groups and reached a lowest value at 60 min. The three groups were comparable as regards fall in HR. Kamal *et al*. found oral dexmedetomidine comparable to oral midazolam for fall in HR and BP. during preoperative period, but intraoperatively and postoperatively the fall was significantly more in dexmedetomidine group than in midazolam group.\[[@ref21]\] No clinically adverse hemodynamic effects and need for any pharmacological intervention were noticed in all the three groups. Clonidine and dexmedetomidine cause a centrally mediated decrease in the sympathetic nervous system outflow and also an increase in vagal activity, which manifests as peripheral vasodilatation and decrease in SBP and HR.\[[@ref22]\]

No significant side effects such as hypotension, bradycardia, respiratory depression, oxygen desaturation, and apnea were noticed during the study in all the three groups.

Limitations of our study include (1) intravenous formulations of the drugs were used as oral preparations of the drugs were not available. Mixing of the drug with apple juice could change pH of the drug and its absorption. (2) Children were separated from parents at 60 min after administering premedication by which time peak effect of clonidine may not have reached. However, in a busy operation theater with rapid turnover of patients, it was difficult to wait longer than this.

Pharmacokinetics and pharmacodynamics of drugs may differ in younger and older children. More studies with larger sample sizes are needed to find the optimum doses, time for peak effect, and the effects of these drugs in different age groups.

Dexmedetomidine at present is not approved for use in children in any country. There are number of small studies and case reports in literature showing its use in children.\[[@ref10][@ref21][@ref24][@ref25][@ref26][@ref27][@ref28]\] However, additional large prospective studies in pediatric patients are warranted to further evaluate its safety and efficacy.

C[ONCLUSION]{.smallcaps} {#sec1-5}
========================

We conclude that oral dexmedetomidine 4 µg/kg is comparable to oral midazolam 0.5 mg/kg and superior to oral clonidine 4 µg/kg for providing acceptable, separation from parents in children. All the three drugs were comparable for providing satisfactory mask acceptance. Oral midazolam was superior to the other two drugs for providing easy separation from parents and excellent mask acceptance in children. Oral midazolam had faster onset of sedation and provided higher sedation scores and lower anxiety scores as compared to the other two groups. All three drugs are safe and effective for premedication in children when given orally.
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